

How To Really Change ETO Cost?! 




0 

■4-» 

0 

o 

o 


3 

to 

0 

JXL 

O 

o 

0) 

o 

3 

TJ 

0 


^ 0 

1 I 

>> 8 
® £ 
.> CD 
0 

3 <o 

1 8 

o c 

0 Q) 
c ® 

1 £ 

■C > 
0 0 

0 = 

5 w 

•c w 

CD 4= 

5 ® 

o o 
o 5 

7 Q. 

z CO 


E 

o 


o 

,> 

3 

o 

(3) 

a 

c/> 

0 


t/> 

o 

o 

0 

E 

o 

4= 

E 

J0 

JQ 

o 

L. 

Q. 

CD 

0 

■ warn 

> 

*o 


0 

cb 

g c 

Sc 

a ■- 
0 O) 
hm m 

</> s 

W ^ 

C ® 

,E > 

S 5 

h 5 


0 

o 

0 

CL 

CO 

o 

h- 

co 

w 

0 

o 

o 

< 


0 
-t— • 
0 
o 

o -° 

ts & 

o ro 
O d 
® 0 

H 0 " 
^ 0 
.c 0 
o c: 

§ % 

b. .1 

Cl •*-* 
TO ^ 

0 .tr: 
1- — 
3 _Q 

O .2 

J 0 

O >; 
TO .0 


0 

0 

_C 

CD 


0 


C 

3 

O 

E 

TO 

L_ 

TO 

CL 


C 

o 

c 

0 

"c 

it 


TO 

0 

!— 

0 

■a 

- 0 


o 
O O 


E to 
0 o 
o O 
it; 0 

L_ S_ 

O 0 
-C ■§ 

^ 0 
v ~' c 
0 o 

0 -43 
JC TO 

(0 ® 

e & 

& 

ro | 

to 2 

a °> 

•t E 
o o 

£ *= 

•2 E 

1 1 
8 I 

C 

4= O 
O TO 
0 tZ 
H < 


.0 0 
— 0 
0 j= 

C ® 

TO 5 

E 25 


€ 


c 

1 -C 

5 ° 

o ** 

t$ 12 
© E 

nT W 

0 
TO 


TO 


Q. CD 

o 42 
TO 

E 

D) 


TO 

E 

0 C 
X2 +3 
O 0 

Q. R 
0 

o © 

TO 42 

^ & 


i 

c 

o 

c 

0 

*\ 

c 

it 

■■■■ 

L 

o 

u> 

c 

0 

3 

C 

O 


a 
a 
a) to 

cl — 

TO 
O 

0 


0 o 


3 

5 

0 

£ 

3 


0 

* 


O 

0 

■ts 

■c 

£ 

TO 

H-* 

0 

0 

■Q 

c . 

0 4= 
§8 
§: s 

TO Q. 

5 & 

Z | 

0 3 

0 o 

S ® 

£ ? 

0 ® 

O' TO 


♦ ♦ 




Don’t try it the same way you did it the last 
dozen times you miserably failed! 


Michael Griffin and William Claybaugh’s 
1994 cost model for space transportation 
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} Specific total launch cost 


Proposed Architectural Change in Paradigm 




*U 

C 

0 © 

0) £ 

■£ re 

f £ 

o) '(5 

g o> 

¥| 

'HM 

0 r; 

° £ 

° 2 

.o n 

4-» 0 

0 > 


0 


i-f 3 


O 0 

2 £ 

m— 

0 0 
■ ■ 

£ w 

O O 
u o 

8 a 

a s 

a. m 

3 O 

■ Hi 

c >, 
ro s 

2 re +f 
« co-g 
« “ o 

C ^ 

o 5 0 

0 o £ 

■g > ** 

3 0 C 
C/5 Q. O 


O 
3 

k_ 

0 _ 
<0 3 

.E £ 

& S 

II 

3) 

C © 
.= ^ 

S § 

X 2. 

© O 

O 5 
+-• *-» 

±; a 

C 0 

.E 0 

-J * 


o 

£ 

o 

*-» 

o 


0 

£ 



0 
■ MB 

0 


0 

V. 

0 


4-» 

0 


0 

■ 


JO 

0 


HM 

O ^ 


4— 

o 

Q o 


a 

k. O 


o 

2-0 

HM 

0 

£ « 

0 

JO 

o 

+4 

Q. 0 

a 

© 

4-» 

0 

X o 
LLi 3 

CM 

. © 


>? 

o 


0 

0 


0 £ 

I'i 

0 0 

c a 

’5) g 

3 S | 

O’ 0 £ 
0 3 0 
«- O -Q 

© 0 0 

3 *•* ■— 

sS| 

k- 4-* J- 
O ■“ o- 

t “ E 
© E o 
1=0 


£ 

T5 © 

C .3 
0 0 

o 2 
o 2 

■=» © 

2 0 

0 

© = 

■£ © 

r * 

o 0 

Q. 0 

O 0 
*- N 

© 0 
£ 0 

! » 

|2i 


0 0 


CO 


® « w 

2-S S' 

O £ j- 

E = £ 

« = 0) 
■g ® 3 
o o g 

tj= 0- 3 

a X 0 

O 0) L 

id 


ETO Architecture Launch Sequence 



Horizontal Integration/ standard maintenance 



CROSSBOW 

(Cargo ROcket Space System BOx Wing) 



Civilian Pod-Hauler 





MXER Tether 



Cost Analysis Assumptions 
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Cost Analysis Approach Modification 
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General Design Data 
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♦ System length is on the order of 1 00 kilometers 

♦ flight rate of 6 tosses per year (assessment ranged from 1 to 52) 


Summary of First Stage Characteristics 
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Summary of Launch Vehicle Parameters 
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Note bigger Is not always better for rockets! 





Cost of Payload to LEO 




Comparison of cost per kilogram of payload mass to TLI 
(chemical injection stage versus MXER) 





A 5-year tether lifetime, with 2 launches a year, reduces the cost by -50% 
Minimum of 5 uses to “breakeven” with the all-chemical lunar mission 
(10% to 15% savings for 1-year tether with each additional use) 

5 and 10-year lifetime tethers reduce the cost from 50% to 75% 


MXER Lifetime Effect 
(cost of payload mass to TLI) 



Launches per Year 

Substantial cost reductions are seen early, therefore lower risk to 
achieving the architecture’s minimum goals. 



MXER Mass Ratio Effect 
(cost to TLI assuming no on-orbit assembly) 
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The MXER to Payload Mass Ratio can be as large as 45:1 for “breakeven”, if used for 
10 years (low end has been projected at 6:1, but study used 10:1). 


Air Launch Non-Cost Benefits 

(real-world added costs) 
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♦ Architecture’s perception or human appeal (believable by the average 
person) 
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exotic or risky materials or methods 

• Changing the existing ETO rocket paradigm takes these two architectural alterations 
to make space flight sustainable and affordable, particularly for lunar operations 


